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Seat layout for contingency EVA 
Example of a study on the effects of 
center of gravity on performance
Clay Anderson centrifuges 
















 2.5 year mission; 
microgravity and reduced 
gravity
 No refrigerators or freezers 
for food storage
 No resupply; food may be 
prepositioned to 
accommodate high mass 
and volume
 Current food system is mass 





































































































































Nutrition played a significant role in historical 
exploration missions. 
• In the roughly 400 year time period between 
Columbus’ voyage and the invention of the steam 
engine, scurvy (Vitamin C deficiency) killed more 
sailors than all other causes of death combined 
(including shipwreck). It is estimated that >2 million 
sailors died from scurvy.
Food and its delivered nutrition must be planned 
carefully
Space explorers are unlikely to find food sources





• Energy intake is a primary concern. 
• Getting enough calories will allow for 
maintenance of body mass.
• Consuming adequate calories is 
accompanied by adequate consumption of 
vitamins and  minerals. Vitamin D is one 
exception.
• Insufficient energy intake leads to weight loss, 
muscle and bone loss, cardiovascular 
decrements, oxidative damage, and more. 
• Dietary intake is monitored using a 
questionnaire (iPad App has been developed 
for future missions)






















































• Fluid intake is critical for: 
• Maintaining 
hydration
• Minimizing kidney 
stone risk (which is 
typically high during 
flight)
• Keeping the urine 
processor from 

























































































Smith et al, J Bone Miner Res, 2012
Human Research Program
Bone
• Recent ISS research shows that 
good nutrition, including 
maintenance of body mass and 
good vitamin D status, and heavy 
resistance exercise (ARED 
(Advanced Resistive Exercise 
Device)) will protect bone mineral 
density. 
• First evidence from flight 
that good nutrition and 
exercise can have a 
positive influence on bone.
• Quality of bone may not be 
the same.
Advanced Resistive Exercise Device (ARED)
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Vision Issues
• Some ISS crews were found to have vision issues 
during and after flight which is believed to be related 
to intracranial pressure. 
• Fluid shifts, cabin carbon dioxide levels, 
exercise, etc. could influence vision issues.
• A nutrition/biochemical pathway may explain 





• While exercise and nutrition have helped maintain 
bone density in some ISS crew, there are other ways 
that nutrition can help bones:
• Omega-3 fatty acids (fish) have many health 
benefits. Fish intake was shown to be 
associated with less bone loss in ISS crews.
• Altering the ratio of animal protein (e.g., meat) 
to potassium (fruits/veggies) in the diet may 
mitigate bone loss during flight. Studies 
underway on ISS
• Higher iron stores during flight was associated 
with increased oxidative damage and bone 




• Findings from NASA nutrition research have 
significant application across the nation.  
• From a better understanding of human physiology 
in a unique environment, we better understand 
health and disease in Earth-based populations
• Technology to study nutrition during space 
missions has applicability on Earth.
• Education/outreach efforts raise awareness of 
nutrition, and science, and space research to 
students of all ages. From scientific papers in 
peer-reviewed journals to newsletters and books 
aimed at elementary/intermediate school kids, 
there is a lot of material available.
National Aeronautics and Space Administration
Human Research ProgramQuestions?

















































































































Domain of HRP Management























































 tradeoff between sample size
and the ability to accurately characterize 
effects.
 tradeoff between sample size
and power to detect an effect
NASA  can be a leader in 
refining and promoting approaches 





 Analog for simulation of isolation, 
confinement and remote 
conditions of mission exploration 
scenarios.
To support studies such as:
 Behavioral health and performance assessments
 Communication and autonomy 
 Human factors evaluations 




Metrics for Research Gap/Risk Closure
Gap Metrics 
- Requires focus on risk reduction 
- Identify
• Initial state of knowledge
• Target for Closure
• Interim steps and associated tasks required to close the gap including schedule
• Research approach – logic and relationship of tasks and deliverables leading to gap closure and risk reduction
Gap Closure
- Requires demonstration of significance to risk reduction 
• Completion of deliverables per the HRP Integrated Research Plan (or Customer Supplier Agreement)
• Scientific assessments
 Changes to evidence/knowledge base 
 Impacts to risk posture























Risk Understood CM Developed CM Validated
ISS ‘n’ unmetISS required
















































































































































































































































3D Printing Technology 
(SBIR)
Improve clarity
Improve barrier
Mass reduction
Fortification
Food Matrix
Functional Foods
Meal Replacement
Atmosphere
Temperature
Radiation
Human Research Program
Integrate Bioregenerative Foods
• ISS: Supplement prepackaged with “Pick 
and Eat” in microgravity transit
• Mars Scenario: Optimize mission specific 
phased implementation and balance with 
prepackaged foods – based on nutrition, 
acceptability, resources
• Benefits: initial food upmass, nutrition, 
variety, acceptability, psychosocial
• Research gaps: infrastructure, resource 
use, radiation effects, safe handling/micro 
procedures, system integration, crew 
time usage
7/9/2014
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Human Research Program
Completed AFT Projects FY12‐13
• Food Processing vs. Packaged Food Study 
Analyzed mass and crew time trades for 
bioregenerative food system compared to 
prepackaged; developed 90 formulations 
from 15 crops and 11 ingredients
• Mass Reduction Technology Development 
Developed meal replacement bar and 
beverage prototypes with significant mass 
reduction capability
• Suited Contingency Ops Food ‐ 2 
Developed delivery system prototype, 
both package and beverage requirements
7/9/2014
47
Human Research Program
Space Food System
Sodium Reduction Challenge
• Sodium exacerbates bone loss, possible factor in intracranial 
induced vision changes
• Reformulated 90 foods and reduced sodium content to ~3300 
mg/d
• Maintained sensory acceptability similar to or better than original 
formulations (score of 6.0 or greater on a 9.0 point hedonic scale.
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Baseline
(5268mg/day)
Current
(~3300mg/day)
Freeze Dried
1932 mg
Beverages
105 mg
Irradiated
602 mg
Natural Form
571 mg
Thermos
2058 mg
Sodium 
Reduction
1960 mg
Natural Form
484 mg
Thermos
1198 mg
Irradiated
602 mg
Beverages
105 mg
Freeze Dried
918 mg
Human Research Program
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Human Research Program
Questions
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